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Abstract 

We study the Hawking radiation of the spherically symmetric, asymptotically flat black 
holes in the infrared modified Hofava-Lifshitz gravity by applying the methods of covari- 
ant anomaly cancellation and effective action, as well as the approach of Damour-Ruffini- 
Sannan's. These black holes behave as the usual Schwarzschild ones of the general relativity 
when the radial distance is very large. We also extend the method of covariant anomaly can- 
cellation to derive the Hawking temperature of the spherically symmetric, asymptotically 
AdS black holes that represent the analogues of the Schwarzschild AdS ones. 



1 Introduction 

Recently, Hofava proposed a power counting renormalizable theory for the (3+l)-dimensional 
quantum gravity [1], motivated by the Lifshitz model in condensed matter physics. This 
theory, called as Hofava-Lifshitz (HL) gravity, is believed to be the potential ultraviolet 
(UV) completion of general relativity. In the infrared (IR) limit (setting the dynamical 
coupling constant A = 1 in the action), it recovers general relativity. Some important char- 
acters of the HL gravity are that the Lorentz invariance is violated at the UV level and the 
scaling between time and space is also anisotropic. The latter indicates that this model is 
not invariant under the full diffeomorphism group of general relativity but has the foliation 
preserving diffeomorphism invariance for generic values of A. Inspired by the HL gravity, a 



great number of works have appeared to investigate the classical solutions [21 13 HI [5], the 
black hole physics [3[71[H] and other aspects [$1 \TU\ [TT]. 

In order to reduce the number of the independent coupling constants, in [I], the detailed 
balance condition was imposed. One result from the imposition is that the generic IR vac- 
uum of the HL gravity is not a Minkowski vacuum but the one in anti-de Sitter background. 
Besides, in the IR limit, both the Newton constant and the speed of light are dependent 
on the cosmological constant. For the aim to make the HL gravity recover the Minkowski 
vacuum in the IR limit, the theory was modified by adding a term u [i 4 R " [2] to the original 
action in pp. Such a modification softly breaks the detailed balance condition and changes 
the IR properties. But the ones at the UV level are not affected. In terms of the IR mod- 
ified HL gravity, a static, spherically symmetric black hole solution was presented in [2]. 
This black hole behaves like the standard Schwarzschild one when the radial distance is 
sufficiently large. In 0J, the author obtained the black hole and cosmological solution that 
is very similar with the usual Schwarzschild-AdS black hole at long distances. 

On the other hand, Hawking radiation |12j has been regarded as a very attractive quan- 
tum phenomenon of black holes or other geometric backgrounds with an event horizon. 
It may open way for understanding the quantum gravity. Since this quantum effect was 
discovered more than thirty years ago, several different approaches have been developed 
to derive it. One of them is the gravitational and gauge anomaly cancellation method 
recently proposed by Robinson and Wilczek (RW) [13J. They first obtained the Hawk- 
ing temperature of the Schwarzschild black hole by considering the gravitational anomaly. 
Subsequently, taking into account both gravitational anomaly and gauge anomaly, Iso, 
Umetsu and Wilczek extended RW's method to the charged black hole |14| and the ro- 
tating black hole |15j . This anomaly cancellation method treats the Hawking radiation 
as a compensation of the quantum anomaly that breaks the classical symmetry near the 
horizon. In terms of the two dimensional effective metric, which is obtained due to the 
fact that an infinite collection of (l+l)-dimensional fields can effectively describe the quan- 
tum field near the horizon of the original higher dimensional space-time, one can derive 
the fluxes of charges (if there exists gauge field) and energy momentum tensor by solving 
the Ward identities under proper boundary conditions associated with the Unruh vacuum. 
These fluxes are identified with the Hawking ones. Following RW's method, a lot of works 
have appeared to investigate the Hawking radiation of black objects in various dimensions 
[1311311211121122112111221123112111251125]. 
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There are two forms of anomalies. One is consistent and the other is covariant. For the 
original method proposed by RW in [13[ Q3], the expressions of chiral anomalies take the 
consistent forms, but the boundary condition to fix the arbitrary parameters is covariant. 
In [23], it was argued that the anomaly cancellation method can be unified in terms of the 
single covariant expressions, namely, the fluxes of charges and energy momentum tensor 
can be obtained via covariant gauge anomaly and covariant gravitational anomaly, together 
with the vanishing of the covariant current at the event horizon. Such an argument makes 
the anomaly cancellation method more economical and conceptually cleaner. Since then, on 
basis of the development in [23], Hawking radiation of black strings in various dimensions 
was discussed |24j . Other extensions can be found in |25l 125] • 

It is worth noting that the boundary condition plays a crucial role in fixing the Hawking 
fluxes for both the RW's original method and the one of the covariant anomaly cancellation 
developed later. In fact, by imposing proper boundary condition at the event horizon only, 
Banerjee and Kulkarni [27] made use of the covariant current and energy momentum tensor, 
generated from the two dimensional effective action |28j, to derive the Hawking fluxes of 
the spherically symmetric charged black holes. Their results are in agreement with those 
calculated via the approaches of Unruh vacuum [15] and the trace anomaly [29]. Some 
applications of the covariant effective action method generalized by Banerjee and Kulkarni 
appear in [30]. In our work [21], this method has been extended to reproduce the Hawking 
fluxes of the Schwarzschild black holes in the isotropic coordinates where the determinant 
of the metric vanishes at the horizon. 

So far although some properties of the black holes in HL gravity have been investigated, 
the study on their Hawking radiation is still vacant. In this paper, we shall fill this gap by 
applying the methods of covariant anomaly cancellation and the covariant effective action to 
exploit the Hawking radiation of the spherically symmetric, asymptotically flat black holes 
[2] in the IR modified HL gravity. By comparison, we will also calculate their Hawking 
temperature via the method of Damour-Ruffini-Sannan (DRS) [31]. Besides, we shall study 
the Hawking radiation of the spherically symmetric, asymptotically AdS black holes [I] 
through the covariant anomaly cancellation method. The remainder of the present paper is 
organized as follows. In section [2J we shall briefly review the IR modified HL gravity and 
the spherically symmetric, asymptotically flat black hole solutions in [2]. In section [3l we 
will use the covariant anomaly cancellation method to derive the Hawking temperature of 
these black holes. By applying the covariant effective action approach, we reproduce the 
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same Hawking fluxes as those obtained via the method of covariant anomaly cancellation 
in section [4} In section [SJ we compute the Hawking temperature of the asymptotically flat 
black holes via the DRS approach. In section [61 the analysis in section [3] is extended to 
study the Hawking radiation of the spherically symmetric black holes with cosmological 
constant [Ij. We present our conclusions in the last section. 



2 Black Holes in Infrared Modified Horava-Lifshitz Gravity 

Let us start with the metric ansatz in the four dimensional HL gravitational theory. Using 
the ADM-like decomposition and introducing the lapse function N, the shift vector iVj and 
the spatial metric gij, we have 



ds\ = -{N 2 - N k N k ) dt 2 - 2 gij N l dtdx j + g lj dx i dx j . (2.1) 
In what follows, the action with IR modification takes the form [2] 



I = J dtd 3 x^/gN 



~ XK2) + w^k ( R - 3Aw + ^ R2 ) + ^ 

(2.2) 



2 V, 7 '-^i^tc- i^u 



2w* 

where A, fi, w, k are constant parameters, the extrinsic curvature is defined by 

X ii = ^[^0--2V (i JV i) ] , (2.3) 
and the Cotton tensor C 13 is read off as 

Akl / i 



C" = — V fc [R\ - -R5\j . (2.4) 

Compared with the original action in [I], the added term "// 4 i? " in the action (j2.2[) softly 
violates the detailed balance condition and modifies the IR properties of the HL gravity [2] , 
however, it does not amend the UV ones. Particularly, in the IR limit by setting 

A = 1 , k w = , 

the action (|2.2p reduces to the standard Einstein-Hilbert one in the ADM formalism 

Ieh = J^Q^ I d 4 x^N (KijKV -K 2 + R) , (2.6) 
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where we have introduced the coordinate x° = ct. Due to the variations to N, JVj and gij, 
one can get the equations of motion. The similar motion equations can be found in [3J. 
When A = 1 and Aw = 0, a static, spherically symmetric black hole solution that satisfies 
the full set of motion equations is presented as [2] 

ds 2 = -f(r)dt 2 + ^- + r 2 (d9 2 + sin 2 6dtf) , 
fir) 

2r 2 + 2P 2 - 4rM 
f(r) = — , (2.7) 

where P 2 = k 2 /(32^ 2 ), and M is an integration constant. This black hole is formally 
different from the usual Schwarzschild black hole. However, for r 3> 2(MF 2 )^ 3 ', we find 
that f(r) takes the form 

m = 1 ^JL + (L), , 2 .8) 

r \ r J 

which implies that the solution (|2.7I) behaves like the usual Schwarzschild black hole in 
general relativity when r is sufficiently large. If P — > and r is finite, we have f(r) = 
1 — 2M/r, meaning that Eq. (|2.7p exactly coincides with the Schwarzschild black hole. Its 
two event horizons that are very similar with those of the Reissner-Nordstrom black hole 
are 

r± = M± VM 2 - P 2 , (2.9) 

where M > \P\ to avoid the naked singularity. M = \P\ is the extremity condition. Some 
properties of the black hole ([2.7p have been investigated in [6]. 

By virtue of the surface gravity formula, the Hawking temperature of the black hole 
(|2.7p is given by 

T H = ±8 rf{ r) V+ - -£Z*L-. . (2.10) 

Obviously, when M = \P\, the temperature for the extremal black hole vanishes. The ADM 
mass is M. If we naively use the area law to calculate the entropy, we obtain the evaluation 
that does not fulfill the first law of black hole thermodynamics. To keep the differential form 
of the first law hold, i.e. dM = TjjdS, we have to set the entropy S = Trr^+AnP 2 ln(r + )+S'o 
[7], where So is an arbitrary constant irrelevant with r+. However, in this case, the integral 
form of the first law is not satisfied. Maybe we can modify both the mass and entropy 
to guarantee that the differential and integral forms of the fist law hold at the same time. 
We do not discuss this point in the present paper. In what follows, we shall focus on 
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reproducing the temperature (|2.10p via the methods of gravitational anomaly cancellation 
and the effective action, as well as the DRS approach. 



3 Hawking radiation via covariant gravitational anomaly 

In this section, we will exploit the Hawking radiation of the black hole (|2.7p via the covariant 
gravitational anomaly cancellation method |23j developed due to [13|, I14j . Before doing this, 
we first give a brief review of this method. Considering a complex scalar field in the back- 
ground of the black hole, since the field near the horizon can be effectively described by an 
infinite collection of (l+l)-dimensional fields, it is feasible for us to treat the original higher 
dimensional theories as a set of scalar fields in the background of (l+l)-dimensional space- 
time. Near the horizon of this two dimensional reduced space-time, there exist outgoing 
modes and ingoing modes. If we omit the classically irrelevant ingoing modes, the (1+1)- 
dimensional effective field theory becomes chiral, which leads to gravitational anomaly. In 
order to cancel this anomaly, a compensating current that is identified to the Hawking flux 
of energy-momentum arises. It is worth noting that one has to impose proper boundary 
conditions that compatible with the Unruh vacuum to fix the Hawking flux completely. 

Now we discuss the dimension reduction by considering the action of a massless scalar 
fields in background of the black hole (|2.7p . Performing the partial wave decomposition 
f = Ylirri ( Pirn(t,i")Yi rn (6,(j)), where Yim are the spherical harmonics, and only keeping the 
dominant terms near the horizon, 



where Aq is the angular Laplace operator, and the last equation is obtained by taking the 
near horizon limit. The above equation implies that the scalar field in the original (3+1)- 
dimensional space-time can be effectively described by an infinite set of two dimensional 
fields in the background of the metric 






lm 



ds 2 = -f{r)dt 2 + 



dr 2 



(3.2) 
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together with the dilaton field ^ = r 2 , whose contribution can be neglected, since the 
reference space-time is static. Obviously, the effective metric (|3.2|) is just the (t, r) part of 
the original metric (|2.7p . 

Near the horizon, if we omit the quantum effect of the ingoing modes, the effective 
field theory will exhibit a gravitational anomaly. For the right-handed fields, the (1 + 1)- 
dimensional covariant gravitational anomaly has the form 

V m T * = ^rV^e^R = -^fyJVTt , (3.3) 

96-7T p V^92 

where e^ u is the two dimensional tensor density with e rt = et r = —1,R is the scalar curvature 
of the two dimensional space-time, and g% is the determinant of the two dimensional metric. 
In terms of the effective metric fj3.2j) . the anomaly is time-like, i.e. V^Tr = 0, and 

N\ = -±-{2ff"-fK), (3.4) 

where and in what follows, the prime denotes the derivative to the radial coordinate. In- 
troducing two scalar functions 0(r) = 0(r — r + — e) and H(r) = 1 — 0(r), where the limit 
e — > will be taken ultimately, the total energy-momentum tensor can be written as 

n=vw + V f )' (3 - 5) 

in which T^^, localized in the region outside the horizon (r > r + + e), is covariantly 
conserved, while that is defined in the near-horizon region (r+ < r < r + + e) satisfies 

the anomalous Eq. (|3.3j) . Solving both the equations, we have 

T (0)t = a O , (3-6a) 
r^ )t = a^ + iV t (r)-iV^(r + ), (3.6b) 

where ao and aj/ are two integration constants, and ao is the value of the energy flow at 
infinity. In order to fix it completely, firstly we take into account the v = t component of 
Eq. (|3.3p . which reads 

V^ t = d r T\ = d r [N r t H(r)] + [Tj 0)t - Jj H)t + N r t ] 5(r - r+) . (3.7) 

The first term in the above equation should be cancelled by the ingoing modes . For the 
sake of keeping the energy-momentum tensor anomaly free, the second term must vanish 
at the horizon. Therefore, we obtain 

a = a H - N\{r + ) . (3.8) 
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However, this equation is not sufficient to fix energy flow ao completely. One has to impose a 
regular boundary condition corresponding to the Unruh vacuum. Such a constraint requires 
the covariant energy-momentum tensor T% to vanish at the horizon, which yields an = 0. 
Thus the total energy flux at infinity is read off as 



The energy fluxes (|3.9p . obtained via the covariant gravitational anomaly, is compatible 
with the Hawking ones. To see this, we calculate the Hawking fluxes by considering the 



spherically symmetric black hole background. With such a distribution, the Hawking fluxes 
of the energy-momentum tensor is computed as 



Substituting the Hawking temperature (I2.10p into Eq. (I3,10p . we have ao = Fm- This 
implies that we can also derive the same temperature as Eq. (|2.10p via the method of the 
covariant gravitational anomaly cancellation. 

4 Hawking radiation through the method of covariant effec- 
tive action 

It has been shown that the quantum field can be effectively described by an infinite collection 
of (l+l)-dimensional fields with the metric (|3.2p in the near-horizon region of the black 
hole (|2.7p . Thus we shall employ the covariant effective action method [27] to calculate the 
Hawking fluxes in terms of the background of the effective metric (|3.2p in this section. Our 
calculations only involve the gravitational part of the effective action since there only exists 
gravitational anomaly near the horizon. Some results can be found in our work [2T]. Due to 
the effective action method, the Hawking fluxes are associated with the (r, £)-component of 
the covariant anomalous energy-momentum tensor near the horizon, which can be derived 
by varying the effective action. With help of the boundary condition that the covariant 
energy-momentum tensor vanishes at the horizon, one obtains the Hawking flux that is 
equal to the (r, t)-component of the energy-momentum tensor at infinity (r — > oo). 




(3.9) 



fermionic Plack distribution N(u) = l/(e ul / TH + 1) for blackbody radiation in the general 




(3.10) 
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In the (l+l)-dimensional black hole background, the covariant energy momentum tensor 
is given by [2S] 

Tt = - (D^D^ - 2D»D^ + 2P V R) . (4.1) 
For Eq. (14.1h . the auxiliary field ip obeys the equation 

V„VV = « = -/" , (4.2) 

which vanishes at infinity, while the chiral covariant differential operator D„ is defined by 

Dp = V M + yf=ge ia ,V v = V^ge^D" . (4.3) 

One can verify that the covariant energy-momentum tensor (|4.1|) satisfies both the covariant 
anomaly equation (|3.3p and the conformal trace anomaly equation 

T'f . = — — . (4.4) 



For the two-dimensional effective metric (|3.2p . the equation of motion (|4.2p for the 
auxiliary field ip becomes 

-j^ + drifM) =~d 2 r f. (4.5) 

The general solution of this equation is 

f b — f f dr 

i> = at + J —f^dr = at- ln(/) + bj — , (4.6a) 

D t tp = -D r ip = a -b + f, (4.6b) 

where a and b are constants to be specified by imposing appropriate boundary condition. 
Therefore, the (r, t)-component of the covariant energy momentum tensor (|4.ip can be 
computed as 

T\ = -^-[{a-bf-f' 2 + 2fr]. (4.7) 

As before, we still choose the boundary condition that the covariant energy momentum 
tensor vanishes at event horizon. Thus we have 

(a-6) 2 = /' 2 (r+). (4.8) 

In [27], it has been shown that the energy flux is given by the asymptotical limit of the 
anomaly free energy momentum tensor. For the effective metric (|3.2p . since /'(oo) = and 
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f"(oo) = 0, the Eq. (|3.3[) becomes V^Tt — > when r goes to infinity, which implies that 
the energy momentum tensor is anomaly free at infinity. Therefore, the energy flux reads 

f\r + ) 1 ( r\-P^ 2 



T r Jr -> oo) = J y ^' = -^-± — . (4.9) 

n ; 192?r 192vr V ri + 2P 2 r ' 



This energy flux agrees with Eq. (|3.9[) got via the method of covariant anomaly cancellation. 

Besides, we can also evaluate the energy flux by calculating the anomaly free energy 
momentum tensor outside the horizon, which reads [28] 

T (°> = "9^ ( 4Stl » R ~ 4VMV ^ + 2V ^V.V - nV^V.V) • (4.10) 
This anomaly-free energy momentum satisfies V^T/^n = 0. Its (r, i) component is 

Here we do not give the other components of the energy momentum tensor . All 
the components coincide with their corresponding ones obtained via the Unruh vacuum 
approach [15] if we still choose the boundary condition that the covariant energy momentum 
disappears at the horizon. Since Eq. (|3.3p vanishes at infinity, Eq. (|4.1ip must be in 
agreement with Eq. (14.7P when we take the asymptotical limit. Thus we have a = —b. 
With the help of Eq. (|4.8p , we obtain 

a = /'(r + )/2, b = -f'(r+)/2, (4.12a) 
a = -/ / (r+)/2, 6 = / / (r+)/2. (4.12b) 

Substituting each of these equations into Eq. (|4.11j) , we get the energy flux that takes the 
same form as Eq. (|4,9p . Looking through the whole procedure, we find that the asymptotical 
behaviour of f(r) plays a key role in our derivation. If /' 2 — 2ff" is divergent when r — > oo, 
all of the derivation is invalid. For example, our calculation in this section fails to give 
the energy flux of the Schwarzschild AdS black hole. Finally, from the energy flux, we can 
obtain the Hawking temperature in agreement with Eq. (|2.10p . 

5 Hawking radiation via the DRS approach 



In this section, we will make use of the DRS approach [31] to investigate Hawking radia- 
tion of the black hole (|2,7p in terms of the (l+l)-dimensional effective metric (|3,2p . This 
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approach has also been employed to study Hawking radiation from the Reissner-Nordstrom 
black hole with a global monopole in [TU]. We now take into account the Klein Gordon 
equation of a complex scalar field $ with mass fx, which reads 

-jd?$ + d r (fd r <5>) -fi 2 $ = o. (5.1) 

Separating the scalar field <3? as <3?(i,r) = R(r)e~ lLUt and performing the coordinate trans- 
formation r* = J dr j f ', the radial equation is given by 

^^ + (^-^f)R(r) = 0. (5.2) 

Near the horizon, /(r) — > 0. Thus the scalar field 3> can be solved as 

$in = e-^ t+r ^ , (5.3a) 
font = e'^-^ = <£ m e 2iwr * , (5.3b) 

where <3?j n is the ingoing wave solution, which is analytic at the horizon, while & ou t, the 
outgoing wave solution, is logarithmically singular at the horizon. To see this, by virtue 
of the relation r* ~ ln(r — r + )/(2K) near the horizon, where k = /'(r + )/2 is the surface 
gravity of the black hole (|2.7p . we can reexpress the outgoing wave solution as 

<$>out « ®in(r - r + ) l "l K (r > r+) . (5.4) 

However, it can be analytically continued to 

l out = <J? m (r + " rr lK e™ tK (r < r+) (5.5) 

from the outside of the hole into the inside hole along the lower r-plane. Therefore, we 
obtain the relative scattering probability at the horizon 

2 

= e~ 2 ™ /K . (5.6) 



out 



out 



Following the DRS approach proposed in [31], the thermal spectrum of the particles radi- 
ating from the black hole can be given by N(oj) = iy( e 27rtt V K _ 1 ) f or scalar particles. From 
the thermal spectrum, we can obtain the Hawking temperature Tjj = /'(r+)/(47r), which 
takes the same form as Eq. (|2.10p . 
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6 Hawking radiation of black holes with cosmological con- 
stant 



In this section, we shall extend the gravitational anomaly cancellation method to exploit 
the Hawking radiation of the static, spherically symmetric black hole with cosmological 
constant in the IR Modified HL Gravity. This black hole solution, which fulfills the motion 
equations generated from the action (|2.2p with the coupling constant A = 1, is given by [I] 

dr 2 

ds 2 = -h(r)dt 2 + — - + r 2 (d6 2 + sin 2 9d<p 2 ) , 
h(r) 

1 



h(r) = ^2 [ 2p2 + r2 (! - Z^wP 2 ) ~ \/r\l - ±A W P 2 ) + 4rmP 4 J , (6.1) 

where m is an integration constant. Choosing proper values of Aw, P and m, the solution 
(|6,ip can recover some known solutions. We first set A\y = and m = 2M/P 2 . In such a 
case, the solution (|6.ip becomes the one (|2.7p . which agrees with the usual Schwarzschild 
black hole. When A w < 0, for r » [mP 4 /(l - 4P 2 A H /)] 1/3 and m = 2M/P 2 , Eq. (IBTT]) 
reduces to the standard Schwarzschild- AdS black hole except for a factor "|2AiyP 2 |" [3]. 
Besides, in this case, if P — > oo and m = o?\J — Ayi/, Eq. (16. ip takes the same form as that 
in [3]. Finally, by setting Ay/ > and performing the transformation fi — > ifi, w 2 — > —iw 2 , 
one can obtain the usual Schwarzschild-dS-like solution. 

Since the analysis via the anomaly cancellation approach here is parallel with what we 
have performed in the section (|3|), we only present some main results. By the dimension 
reduction technique, we have the two dimensional effective metric 

dr 2 

ds 2 = -h(r)dt 2 + — - . (6.2) 
h{r) 

In terms of this effective metric, the Hawking flux can be computed as 

_ h' 2 {r + ) 1 f 3A 2 w P 2 rj + (1 - 2P 2 A w )r 2 + -P 2 \ 2 
a ° 192^ 192tt \ r+[2P 2 + (l-2P 2 A w )r 2 ] J ' [ ' 

where r + , the largest root of the equation h(r) = 0, is the outside horizon of the black hole 
(|6.ip . From the Hawking flux, we obtain the Hawking temperature, which reads 

rp _ ?>A 2 w P 2 r\ + (1 - 2P 2 A^)r 2 - P 2 
H 4vrr+[2P 2 + (1 - 2P 2 A w )r 2 + ] ' l ' J 

This temperature coincides with the one derived by virtue of the surface gravity formula. 
In particular, when A\v = 0, it becomes that of the asymptotically flat black hole (|2,7p . 
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Besides, we can also derive the same temperature via the DRS method following the above 
section. 

7 Summary 

In this paper, we have extended the methods of covariant anomaly cancellation and the 
effective action to derive the Hawking temperature of the black holes [2] in the IR modified 
Hofava-Lifshitz gravity. These black holes are the spherically symmetric, asymptotically 
flat solutions when the coupling constant A = 1, namely, the HL gravity returns to general 
relativity. They are formally different from the usual Schwarzschild black holes but agree 
with the Schwarzschild ones when the radial distance is sufficiently large. The crucial 
points of both the two methods are the dimension reduction and the appropriate boundary 
condition. Using the dimension reduction technique that the complex scalar field in the 
background of the higher dimensional spacetime can be effectively described by an infinite 
collection of two dimensional scalar fields, we obtained the two dimensional effective metric. 
On basis of the effective metric, imposing the boundary condition that the fluxes of the 
energy momentum tensor vanishes at the event horizon, we applied both the methods to 
calculate the Hawking fluxes. The values obtained via these two methods are equal. Our 
results further support Hawking radiation is a universal quantum behavior arising at the 
event horizon. To see the universality of Hawking radiation, the DRS method have also 
been used to compute the Hawking temperature in terms of the two dimensional effective 
metric. 

The covariant anomaly cancellation method has also been generalized to study the 
Hawking radiation of the spherically symmetric, asymptotically AdS black holes [3]. These 
black holes can be seen as the analogs of the usual Schwarzschild AdS black holes. We have 
obtained their Hawking temperature which recovers that of the asymptotically flat black 
holes in [2] when Ay^ = 0. 

Finally, we give a simple comment on the methods of anomaly cancellation and effective 
action. Both the methods are applicable to the theories that are generally covariant. Al- 
though the HL gravity theory is invariant under foliation preserving diffeomorphism, we can 
still use the two methods to study Hawking radiation of black holes in this gravity theory, 
since the group with foliation preserving diffeomorphism is a subgroup of the one with full 
diffeomporphism. Further investigation is required to prove the strict validity of applying 
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both the methods to the gravity theory with foliation preserving invariance. 
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